Inactivation of the 20S proteasome maturase, Ump1p, leads to the instability of mtDNA in Saccharomyces cerevisiae.
The proteasome plays fundamental roles in the removal of oxidized proteins and in normal degradation of short-lived proteins. Increasing evidence suggests that the proteasome may be an important factor in both oxidative stress response and cellular aging. Moreover, it was recently reported that proteasome inhibition leads to mitochondrial dysfunction. In this study, we have investigated whether proteasome impairment, caused by deletion of UMP1, a gene necessary for the 20S proteasome biogenesis, may influence the stability of the yeast mitochondrial genome. Here we show that an ump1Delta mutant displays enhanced mitochondrial point mutagenesis, measured by the frequency of oligomycin-resistant (Oli(r)) and erythromycin-resistant (Ery(r)) mutants, compared to that of the isogenic wild-type strain. Deletion of UMP1 significantly increases also the frequency of respiration-defective mutants having gross rearrangements of the mitochondrial genome. We show that this mitochondrial mutator phenotype of the ump1Delta strain is considerably reduced in the presence of a plasmid encoding Msh1p, the mitochondrial homologue of the bacterial mismatch protein MutS, which was shown previously to counteract oxidative lesion-induced instability of mtDNA. In search of the mechanism underlying the decreased stability of mtDNA in the ump1Delta deletion mutant, we have determined the level of reactive oxygen species (ROS) in the mutant cells and have found that they are exposed to endogenous oxidative stress. Furthermore, we show also that both cellular and intramitochondrial levels of Msh1p are significantly reduced in the mutant cells compared to the wild-type cells. We conclude, therefore, that both an increased ROS production and a markedly decreased level of Msh1p, a protein crucial for the repair of mtDNA, lead in S. cerevisiae cells with impaired proteasome activity to the increased instability of their mitochondrial genome.